The use of unconventional biological materials as biomarkers in trace element studies has increased in terms of published research studies. In the present study, human scalp hair samples (n ¼ 65) were used to be a possible biomarker for the arsenic level in the human body as no study has been published in Karbala city, Iraq yet. The level of arsenic was determined by inductively coupled plasma optical emission spectrometry (ICP-OES). The validity, precision and accuracy of the methodology were evaluated using a "pooled" sample and certified reference materials, respectively. The validation methods provided acceptable levels of precision and accuracy with lower range of RSD (1.1%) and acceptable range of elemental recovery (97.72%), respectively. The influence of various factors including health status, gender, smoking activity, interaction, individual's age and drinking water on arsenic levels in washed scalp hair was investigated using the analysis of covariance (ANCOVA), analysis of variance (ANOVA), Ftest and a two-tailed pooled t-test. The arsenic levels in washed scalp hair of breast cancer patients (8.270 ± 4.345 mg/km) were significantly increased when compared with healthy individuals (6.266 ± 1.892 mg/km) (p < 0.05). It was found that the levels of As were significantly higher in washed scalp hair of males (12.395 ± 6.243 mg/kg) than those for females (7.637 ± 4.234 mg/kg) (P < 0.05). Hair of smokers (16.078 ± 4.245 mg/kg) was significantly contained more As than hair of non-smokers (6.532 ± 2.817 mg/kg). The levels of As in the age group (over 40 year) are significantly different when compared with the two remaining groups (under 20 year, and 20e40 year). The value of correlation coefficient (r ¼ 0.907, p < 0.001) was indicated that there is significant positive correlation between the arsenic level in the scalp hair and the arsenic level in the drinking water.
Introduction
In the last few decades, human scalp hair and nails (finger & toe) have widely been used as a good biomarker in the assessment of exposure to various pollutants in occupational and/or environmental settings, and in terms of assessing the metabolic state of humans, for essential and toxic trace elements [1e3] . Hair and nail tissues were found to have several advantages namely: non-invasive materials, easily sampled and potentially represent a long-term growth material. In addition, several trace elements may accumulate in hair and nail tissues over a time frame of 2e18 months. These advantages may provide useful data in determining the health status of an individual over long periods, as the tissues remain isolated from other metabolic activities in the human body [4, 5] . The use of human hair and nails as an excellent tool to assess changes in our bodies has received a great deal of attention for a few decades and become successful in different applications [6, 7] . The concentration of trace elements is homeostatically regulated when the health status of individuals is under normal conditions (healthy individuals) [8] . There are accumulating evidences that the metabolism of several trace elements is altered in cancer, and may play significant roles in the pathogenesis and progress of this disease [9] . Many studies have previously discussed the relationship between trace elements and cancer for patients by comparing them with healthy individuals [10e12] .
Arsenic, similar to other elements, can become toxic if its concentration in the human body is too high. A level of 1e3 mg/kg As is enough to be lethal in a human adult [13] . The toxicity of arsenic is strongly related to its oxidation state and chemical form [14] . It was found that inorganic arsenic is suggested to be more toxic than organic forms in terms of human health [15] . Most cases of arsenic-induced toxicity in humans are due to natural exposure to inorganic arsenic via air, water, soil, dust and food [16, 17] . In the last centuries, the use of arsenical compounds was increased, namely: in pigments, dyes, preservatives of animal hides, glass manufacture, agricultural pesticides, and various pharmaceutical substances [18] . Chronic arsenic exposure has been suggested to have etiologic roles in diabetes development, cancer, neoplastic, cardiovascular, endocrine and neurodevelopmental disorders [19, 20] . The previous studies have indicated that an elevated risk of cancers persists even decades after exposure has ceased [21e23]. A proportion of studies further displayed that As 2 O 3 also prevents many other hematologic malignancies and solid tumors such as neuroblastoma, breast cancer, liver cancer, gastric cancer, lung cancer, esophageal cancer, cervical cancer and so on [24] . One study in India has indicated that excessive use of mineral fertilisers and pesticides has led to water and soil contamination, affecting farming. This study has referred that cancer mortality is directly correlated with gender and farming [25] . Arsenic trioxide is effective in treating promyelocytic leukemia, and laboratory studies establish that arsenic trioxide reasons apoptosis of human breast cancer cells [26] . The main aim of this study is to investigate whether there is any possible link between arsenic and the onset of breast cancer by using washed scalp hair as a biomarker. This can be used (i) to evaluate if any possible arsenic relationships exist between healthy individuals and those with human health conditions, such as smoking activity and breast cancer; (ii) to investigate whether factors like gender and age may affect the arsenic concentrations in washed scalp hair of the individuals under study; and (iii) to evaluate whether the environmental sample (water) makes any significant contribution to the arsenic levels of the selected tissue in this study.
Materials and methods
In the present study, the concentrated nitric acid (Aristar ® 65%) was used for digestion procedure, whereas, the pure acetone and de-ionised water (DDW; 18.2 MU) were used for washing method and dilution, respectively.
Study population
Human scalp hair samples were collected from individuals resident in Karbala which is a city in Iraq located about 100 km south west of Baghdad. The participants were clearly informed of all the study procedures before signing the informed consent form. Generally, volunteers were interviewed at the time of sampling to obtain some general information about their health status, lifestyle, typical diet and smoking habits. In total, 65 samples were collected from healthy individuals (n ¼ 32) and breast cancer patients (n ¼ 33) in relation to different forms of smoking (none, and active), varying in gender (male and female) and age. In addition, some individuals provided either one or two type of samples, namely scalp hair and fingernails (n ¼ 5). This then enabled an examination of any significant differences and whether a possible relationship between the levels of arsenic between these media existed. Moreover, environmental samples (domestic water, n ¼ 15) were chosen in order to assess whether this media makes any significant 
Sample collection and preparation
Scalp hair samples were collected from the same site of the head for all individuals, namely, from the back of the head, less than 1 cm from the scalp using acetone/distilled deionised water washed scissor. This pre-treatment was undertaken to prevent contamination introduced by the tools during sample collection. Generally, the samples (mass > 0.5 g) were collected [27, 28] and cut into small pieces (~5 mm) to make the sample more homogenous [28] . The cut scalp hair samples were washed using the sequential washing procedure (acetoneewaterewaterewatereacetone) [27] . Samples were dried in an oven overnight at 60 C then the wet digestion method using a Kjeldahl™ tube was employed for the complete digestion of washed scalp hair [29] . A pooled sample was collected from six individuals from the same family for the analytical development purposes and quality control measurements. The samples were classified into various groups, namely healthy, breast cancer, smoker and non-smoker individuals covering both genders and different ages, as presented in Table 1 .
Instrumentation
The new JY 2000-2 ICP Optical Emission Spectrometer (ICP-OES) Horiba Scientific was used in the present study.
Precision and accuracy
The levels of precision and accuracy for the ICP-OES instrument were confirmed by calculating the relative standard deviation (%RSD) and percentage recovery (%R) using ten replicate measurements of a "pooled" hair sample, and certified reference materials (CRMs), respectively. In general, good level of precision was obtained for arsenic with perfect value of 1.1% RSD, as indicated in Table 2 . The precision of the preparation and analytical methods was also checked based on the triplicate analysis of CRM analysed in this work. Measured CRM value obtained for the analysis of arsenic by ICP-OES was highly comparative to certified value. Analytical recovery value is 97.72% for arsenic determined, as reported in Table 2 . The value of limit of detection (LOD) for arsenic was within expected range for ICP-OES (0.011 mg/L).
Statistical analysis
Descriptive data analysis (arithmetic mean, standard deviation (SD), range and 95% confidence interval) was performed on concentration values obtained for washed scalp hair. An F-test and a two-tailed pooled ttest were used to assess the significance of the variations in washed scalp hair arsenic levels for healthy individuals/patients; smokers/non-smokers; and males/ females. The analysis of covariance ANCOVA was used to know whether there is a significant interaction between the factors under study. In addition, a one-way ANOVA was utilised to examine whether there are significant differences in the mean values of arsenic across the age groups. The Pearson product correlation coefficient (r) was determined for the arsenic levels to evaluate if there was any significant correlation between washed scalp hair and water.
Results and discussion
The elemental levels in human biological samples vary from one country to another because of geographical differences; nutritional status; and the environmental factors [30] . Therefore, it is difficult to establish reference ranges for trace elements in human fluids and tissues because of the effects of said factors, as they impose restrictions on the interpretation of the results. For that reason, the levels of arsenic (mg/kg dry weight, d.w.) in washed scalp hair for different populations have been compared with other results reported by several researchers, [30] . In general, the results are in agreement with values reported by other authors, as described in Table 3 . 
Influence of breast cancer-link to human health
In the present work, the results of healthy individuals and breast cancer patients have been compared in order to evaluate whether there are any significant differences in the levels of arsenic between the two groups. This can be used to describe whether breast cancer plays any significant role in these differences by increasing or decreasing the arsenic levels inside the human body through the effect on the metabolism of arsenic. The breast cancer patients have a mean age of 50.67 ± 12.25 years (range 26e90 years) with no other chronic or infectious diseases as reported in the questionnaires of participants in the present study. The mean and standard deviation values for the arsenic levels in scalp hair of the healthy and breast cancer populations were compared by using Ftest and a two-tailed pooled t-test, and the results obtained are listed in Table 4 . The differences are not statistically significant (p < 0.05) between the levels of As in healthy individuals (9.454 ± 5.687 mg/kg) and breast cancer patients (8.327 ± 4.767 mg/kg). It was found that there is a good agreement between this result and those reported in the literature [32, 33] , as displayed in Table 4 . The possible explanation is that the levels of arsenic are influenced by the individual's smoking activity. However, when this factor (smoking activity) is removed from the model, the effect of health status becomes significant in terms of the levels of As (p < 0.05), as indicated in Table 4 . In the light of these results, it can be seen that arsenic has a proangiogenic effect on humans, which may be [34, 35] . The results of two-way ANCOVA in Table 5 indicate that there is a significant interaction (F (1,61) ¼ 4.788, p ¼ 0.032) between the health status and smoking activity for the arsenic levels in washed scalp hair. It was found that the arsenic mean values for healthy cases (9454 ± 5687 mg/kg) and breast cancer cases (8327 ± 4767 mg/kg) over the smoking activity levels are roughly the same for hair samples. Thus, the effect of health status in Table 5 was not significant at p < 0.05 (F (1,61) ¼ 2.682, p ¼ 0.107). On the other hand, the arsenic mean values of smokers (16,078 ± 4245 mg/km) and non-smokers (6532 ± 2817 mg/kg) over the health status levels are significantly difference. Therefore, the effect of smoking activity was significant at p < 0.05 (F (1,61) ¼ 105.653, p ¼ <0.001), as presented in Table 5 .
Influence of gender
The effect of gender on the levels of arsenic was investigated to evaluate whether this factor may affect the arsenic levels in washed scalp hair samples. In order to determine whether there is any significant difference that can be attributed to gender, F-test and a two-tailed pooled t-test were undertaken on the scalp hair data. The findings indicate that there is a significant effect of gender on the levels of As (t (63) ¼ 3.49, t crit ¼ 1.99, p < 0.01) (where the number in brackets is the number of degrees of freedom and the critical value (t crit ) is determined at the probability level of p ¼ 0.05). The results reveal higher levels of As in washed scalp hair for males (12.395 ± 6.243 mg/kg) when compared to females (7.637 ± 4.234 mg/kg). Similar results were also reported by other researchers in scalp hair, as presented in Table 4 . Fig. 1 displays the box-plots for As levels in the populations of males and females.
Influence of smoking activity
In general, people are exposed to inorganic arsenic via drinking water and cigarette smoking [41e44]. Smoking is considered to be a major environmental risk factor associated with many serious systemic diseases, including respiratory diseases, heart diseases and cancers [38,42,45e47] . It has been known for a few decades that tobacco combustion has the potential to deliver dangerous quantities of heavy metals to the blood and various organs [48, 49] . Multi-element analysis of various brands of imported cigarette tobacco collected from Kerbala was determined in the previous study in order to evaluate whether any relationship exists between their levels in cigarette tobacco and human health. It was found that the levels of arsenic in tobacco are ranged (0.7e4.2 mg/kg As) [50] . The influence of smoking activity on the arsenic levels in washed scalp hair was examined by using F-test and a two-tailed pooled t-test, and the results are reported in Table 4 . It was found that there is a significant effect of smoking activity for the As levels in scalp hair (t (63) ¼ 10.31, t crit ¼ 1.99, p < 0.001). The majority of studies in the literature reported high levels of As in the human scalp hair of smokers when compared with those of non-smokers [50, 39, 40] . Fig. 2 indicates the box-plots for As levels in the groups of smokers and non-smokers.
Influence of age
The studied population was divided into three age groups: <20 years (n ¼ 13), 20e40 years (n ¼ 13), and >40 years (n ¼ 39). The results of one-way ANOVA indicate that there is a significant difference (p < 0.05) somewhere among the mean values of the levels of As in washed scalp hair between the age groups, as presented in Table 6 . This does not provide which group is different from which other groups. Therefore, the posthoc test was used to determine whether any significant differences among the groups. The results display that the levels of As in the age group (over 40 year) are significantly different when compared with the two remaining groups (under 20 year, p ¼ 0.009 and 20e40 year, p ¼ 0.01). On the other hand, there is no any significant difference (p ¼ 1.0) between the two groups (under 20 and 20e40 year) at the p < 0.05. In the light of these results, the levels of arsenic are increased when the age of individual's increase. The possible explanation is that the bioaccumulation of arsenic in human hair is a complicated process influenced by several factors during hair growth, namely metabolic changes, age, gender and living environment quality [30, 51] .
Influence of drinking water
According to World Health Organisation (WHO) instructors and previous studies, high levels of As in water can be a possible cause of adverse effect on human health [45, 43] . A previous study in Kerbala has reported that the As levels in drinking water were within the recommended guideline set by the (WHO) (10 mg/L As) [50] . In the present study, the levels of arsenic in drinking water (domestic bottled) (0.012 ± 0.008 mg/L) are approximately within the WHO guideline for drinking water. However, the participants could be exposed to As by food and environmental sources. Significant exposure to As occurs through both anthropogenic and natural sources [52] . Arsenic exposure through food poses a substantial risk to humans in certain parts of the world, particularly in Asia from the consumption of staple foods such as rice, which have been irrigated with As-rich groundwater [53e55] . The population of Kerbala followed a similar diet as found in the study questionnaires. The diet included bread and rice as part of daily main meals. The Iraqi government usually imports these grains from various Asian countries such as India, Bangladesh and Thailand, where high natural levels of As (>1000 mg/L) have been reported. Arsenic values in the present study are in agreement with those reported in Kerbala and Baghdad (<0.012 mg/L As) for tap and river waters [50, 56] . However, the levels of As (0.012 ± 0.008 mg/L As) are lower than those reported in other countries, such as Nigeria (0.013 mg/L As) [57] , and higher than British tap water levels (0.04e0.45 mg/L As) [58] . It should be noted that high natural levels of arsenic have been reported in different countries, such as Bangladesh or Thailand (>1 mg/L As) [59] . In addition, a high arsenic concentration has also been reported in the USA (groundwater) and La Pampa, Argentina (<0.004e0.530 mg/L As) [60] . The relationship between the levels of arsenic in drinking water and washed scalp hair was investigated. The strength and direction of this relationship was evaluated using correlation coefficient (r) analysis; the value of r was calculated and then subjected to a significance test. A strongly positive significant correlation is found Table 6 One-way analysis of variance ANOVA for the arsenic levels in washed scalp hair of individuals from Kerbala city, Iraq. Fig. 3 .
Conclusion
The present study is the first full study that highlights the use of scalp hair as a biomarker for the level of arsenic in the human body of breast cancer. In addition, this study provides a preliminary assessment of the determination of arsenic levels in washed scalp hair for Iraqi individuals in the province of Karbala, Iraq. The arsenic levels in washed scalp hair of breast cancer patients were significantly increased when compared with healthy individuals (p < 0.05). The influence of various factors including gender, smoking activity, health status, individual's age and drinking water on arsenic levels was determined, using the analysis of covariance (ANCOVA), analysis of variance (ANOVA) and a two-tailed pooled t-test. Significant effects were found for health status, gender, smoking activity and age on the levels of arsenic in washed scalp hair. The results can confirm that factors like health status, gender, smoking activity, and age can affect the arsenic levels in the human body. These results were consistent with other studies reported in the literature. A Pearson product moment correlation was used to describe the strength and direction of the relationship between the arsenic levels in washed scalp hair and drinking water. A strongly positive significant correlation was seen between scalp hair arsenic and drinking water arsenic.
